Necropsy of an Atlantic bottlenose dolphin (Tursiops truncatus) neonate that stranded dead on Folly Beach, Charleston County, South Carolina, USA, on 17 November 2007, revealed multiple congenital heart malformations. Cardiac anomalies included a hypertrophic right ventricle, ventricular septal defect (VSD), aortic dilation, atrial septal defect (ASD) between a functionally common atrium and a left atrial remnant, subvalvular pulmonic stenosis, and a hypoplastic pulmonary artery and mitral valve. Few incidences of abnormal cardiac development in cetaceans have been published. The case study serves to document a novel congenital heart malformation not previously reported, to our knowledge, in freeranging bottlenose dolphins.
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Other than cardiomyopathy and myocardial degeneration in Kogia breviceps and Kogia sima (Bossart et al., 2007) , few incidences of abnormal cardiac development in cetaceans have been reported. Malformations and congenital anomalies of the heart are rarely observed in Atlantic bottlenose dolphins (Tursiops truncatus) or other delphinids. Necropsy of an unborn fetus from a bottlenose dolphin that died in dystocia at Sea-Arama Marineworld in Galveston, Texas, USA, revealed a transposition of the pulmonary artery and aorta, as well as an interventricular foramen (Gray and Conklin, 1974) . Persistent ductus arteriosus (PDA), atrial septal defect (ASD), and right ventricular hypertrophy (RVH) were reported in a captive-born T. truncatus that survived for 7 days in a German zoological park (Neurohr, 1982 (Geraci and Lounsbury, 2005) on the moderately decomposed (code 3) carcass. The carcass exhibited the following characteristics typical of a neonate: Umbilicus was unhealed, dorsal fin and flukes lacked rigidity, teeth were not erupted, and fetal folds were prominent. During necropsy, both lungs were excised and placed in a water bath to determine whether the pulmonary alveoli had expanded. Both lungs floated, thereby demonstrating the stranded dolphin lived at least long enough to breathe.
Gross internal findings included hemorrhagic and moderately congested lungs, hepatic lobular atrophy, multiple splenic infarcts, hydropericardium, and a malformed heart. Congenital cardiac malformations observed included a hypertrophic right ventricle (RVH; Fig. 1 ), ventricular septal defect (VSD; Fig. 2 ), aortic dilation, atrial septal defect (ASD) between a functionally common atrium ( Fig. 3 ) and a left atrial remnant, subvalvular pulmonic stenosis, and a hypoplastic pulmonary artery and mitral valve. There was a 0.5 cm, irregular, round opening connecting the right atrium to the diminutive left atrium. The ventricular septal defect was 1.1 cm wide. The ductus arteriosus, which constricts at or shortly after birth, was closed, and the foramen ovale, an interatrial valve in the fetal heart, was patent, providing supportive evidence of age because previous studies have demonstrated that the postnatal foramen ovale remains open for up to 10 days in the common porpoise (Phocaena phocaena) narrowing drastically by 2-3 months, and closing completely in nearly all individuals by 14 mo (Slijper, 1961) .
Cardiac measurements were obtained, including ventricular thickness and valvular and vascular circumference. The thickness of the left and right ventricles and interventricular septum was 1.5 cm, 1.0 cm, and 1.0 cm, respectively. The circumference of the left and right atrioventricular valves was 1.0 cm for both regions. The circumference of the aorta was 4.0 cm. The pulmonary artery circumference at three points (subvalvular, valvular, and supravalvular) was 2.0 cm, 2.4 cm, and 3.0 cm, respectively.
Sections of atria, great vessels, and ventricles were preserved in 10% neutral-buffered formalin, routinely processed, embedded in paraffin, sectioned at 5 mm, and stained with hematoxylin and eosin. There was cardiomyocyte hypertrophy and random cardiomyocyte disarray. Inflammation was not observed.
Gross external observations included two large, concave areas covered in poxlike lesions located midlaterally, caudal to the left and right pectoral fins. Sections of the focal, erosive skin lesions had multifocal, hydropic degeneration and spongiosis. Histologic findings were suggestive of poxvirus infection; however, viral inclusion bodies consistent with poxvirus were not evident in examined skin sections. No other notable external findings were observed.
The findings observed in this case do not have an existing correlate in either humans or animals. In humans and domestic species, there are few conditions described that have multiple cardiac and vascular anomalies. One such condition is tetralogy of Fallot, which is characterized by an overriding aorta, an obstruction of right ventricular outflow, ventricular septal defect, and right ventricular hypertrophy. Collectively, these defects cause a reduction of blood flow to the lungs and allow mixing of blood from both sides of the heart, resulting in oxygen-poor blood circulating from the heart to the rest of the body (Anderson and Weinberg, 2005) . In humans, congenital cardiac anomalies are not uncommon. Ventricular septal defect alone occurs at a frequency of approximately 11 per 10,000 human births (Cotran et al., 1999) .
Causes of congenital cardiac anomalies are typically idiopathic. In humans, poor maternal nutrition, viral illnesses, chromosomal abnormalities, and genetic disorders have been associated with congenital heart anomalies (Borgaonkar 1994; Cotran et al., 1999) . Maternally contracted viral infections, specifically rubella, have been implicated in causing numerous malformations, including tetralogy of Fallot (Cotran et al., 1999) . Viral studies are not limited to humans. Diseases such as morbillivirus, papillomavirus, and poxvirus are among the most prevalent emerging and resurging diseases in cetaceans (Miller et al., 2001 ). Effects of specific viral diseases on the developing cetacean heart are unknown. Infectious diseases can be transferred to the calf during different periods of gestation. In humans, regarding all viruses, the gestational age at which maternal infection occurs is critical in determining the effect on the fetus. For example, the period of greatest risk for rubella infection extends from immediately before conception to the 16th week of pregnancy, drastically reducing with each subsequent trimester (Cotran et al., 1999) . Necropsy of a stranded, striped dolphin (Stenella coeruleoalba) calf revealed congenital cardiac anomalies similar to those observed in the present case study (Troncone and Zizzo, 1994) . The authors noted that the stranding coincided with a period of increased morbillivirus-related cetacean mortalities and suggested that such infectious diseases could hinder or alter normal cardiac development during the first months of gestation.
Other factors that could detrimentally affect fetal cardiac development include transplacental transfer of contaminants. Female bottlenose dolphins and other cetaceans have demonstrated transplacental transfer of toxicants, resulting in an increased level of contaminants in the developing fetus (Salata et al., 1995) . Unfortunately, because of the condition of the carcass in this case, contaminant analysis and viral tests were not performed. Conducting comprehensive analyses for potential teratologic agents, such as viruses and toxicants, on stranded cetaceans demonstrating cardiac malformations would provide a better understanding of potential anthropogenic effects on marine mammal prenatal development. The findings from the stranding reported here serve to document a novel congenital heart malformation not previously observed, to our knowledge, in free-ranging bottlenose dolphins.
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